Background Preoperative wait time is affected by various factors, and a certain time is needed before surgery. There is a concern that cancer treatment delay can lead to poor survival. The present study aimed to evaluate the impact of preoperative wait time on survival in patients with clinical stage (cStage) II/III gastric cancer. Methods The study included patients with cStage II/III primary gastric cancer undergoing surgery between 2002 and 2012. Preoperative wait time was defined as the time from endoscopy for initial diagnosis to surgery. Patients were divided into the following three groups according to wait time: short wait group (≤ 30 days), intermediate wait group (> 30 and ≤ 60 days), and long wait group (> 60 and ≤ 90 days). Patient characteristics and survival were compared among the groups. Results This study included 467 male (67%) and 229 female (33%) patients, and the median patient age was 67 years. The numbers of cStage II and III patients were 332 (48%) and 364 (52%), respectively. The median wait time was 45 days. The body mass index was lower in the short wait group than in the other groups. A shorter wait time tended to be associated with a more advanced cStage. Although survival was significantly worse in the short wait group than in the long wait group, wait time was not identified as an independent prognostic factor in multivariate analysis. Conclusion Preoperative wait time up to 90 days does not affect survival in patients with cStage II/III gastric cancer.
Introduction
Preoperative wait time in cancer patients is affected by various factors, including patient-, provider-, and health systemrelated factors. Patient-related factors include cancer staging, assessment and treatment of comorbidities before surgery, and nutritional support for those with malnutrition. Providerrelated factors include capacity limits of the examination and operation. Health system-related factors include the recommendation of maximum pretreatment time by several countries [1, 2] and medical insurance [3] . Therefore, there is a certain wait time before cancer surgery.
There is a concern that a delay in cancer treatment can lead to a poor survival outcome. Indeed, previous large cohort studies showed an association between a long preoperative wait time and poor survival in breast cancer patients [4] [5] [6] [7] . However, such a tendency has not been shown in other cancer types, including gastric cancer. Only one previous report evaluated the association between preoperative wait time and survival in gastric cancer patients. However, the results were inconclusive owing to non-adjustment of patient stage [6] .
Thus, the present study aimed to evaluate the impact of preoperative wait time on survival in patients with clinical stage (cStage) II/III gastric cancer. 
Patients and methods

Definition of preoperative wait time
Preoperative wait time was defined as the time from endoscopy for the initial diagnosis of gastric cancer to surgery. In Japan, most patients first visit the clinic or territorial hospital because of abnormal findings in a health checkup or symptoms and subsequently undergo endoscopy. After the diagnosis of gastric cancer, they are referred to hospitals that can perform precise preoperative examinations and surgery. In this study, patients were divided into the following three groups according to preoperative wait time: short wait group (≤ 30 days), intermediate wait group (> 30 and ≤ 60 days), and long wait group (> 60 and ≤ 90 days). Patient characteristics and survival outcomes were compared among the groups.
Patients and data collection
This study included patients who underwent surgery for cStage II/III primary gastric cancer between January 2002 and December 2012. The exclusion criteria were as follows: (1) previous endoscopic submucosal dissection for the primary lesion, (2) preoperative chemotherapy, (3) peritoneal metastasis or positive peritoneal cytology as found by staging laparoscopy, (4) active duplicated cancer, (5) special histological tumor types, excluding lymphoid stroma, (6) urgent symptoms, (7) Eastern Cooperative Oncology Group Performance Status of two or more, and (8) unevaluable preoperative wait time. Staging laparoscopy was performed in the following patients since July 2008, as previously reported: (1) patients with type 4 or large (≥ 8 cm) type 3 gastric cancer, (2) patients included in neoadjuvant chemotherapy trials, such as those with bulky lymph node swelling (one lymph node larger than 3 cm or two lymph nodes larger than 1.5 cm) around the celiac axis or para-aortic lymph node swelling, and (3) patients with findings suggestive of peritoneal metastasis, such as ascites and peritoneal nodules [8, 9] . Urgent symptoms were defined as symptoms that needed hospitalization or interventions, such as bleeding, gastric outlet obstruction, and ileus. Additionally, patients with a preoperative wait time of more than 90 days were excluded from the analysis, because most of them had special reasons for a long preoperative wait time.
Clinicopathological data were collected from a prospectively recorded database or electronic medical records. The Charlson Comorbidity Index was used to evaluate comorbidities [10] . For clinical staging, gastroscopy with biopsy, upper gastrointestinal tract contrast radiography, and contrast-enhanced multi-detector computed tomography (CT) were always performed. The cStage was confirmed by a cancer board that included surgeons, gastroenterologists, radiologists, and endoscopists, according to the Japanese Classification of Gastric Carcinoma as previously reported [11, 12] . Endoscopic ultrasonography, gastric cancerspecific protocol CT, and positron emission tomography/ computed tomography (PET-CT) were not routinely performed in our hospital. Treatment, including surgery, and follow-up were performed according to the Japanese Gastric Cancer Treatment Guidelines [13] . Adjuvant chemotherapy with S-1 has been administered to pathological stage (pStage) II/III patients since October 2007 after the ACTS-GC trial [14] .
Statistical analysis
All continuous variables are presented as median [interquartile range (IQR)]. The Kruskal-Wallis test and Wilcoxon rank sum test were performed. Survival time was calculated from the date of cancer diagnosis by endoscopy to the date of the last hospital visit or death, and it was analyzed using the Kaplan-Meier method. The log-rank test was used to compare the groups. Bonferroni correction was used in multiple comparisons. To identify the independent prognostic factors, univariate and multivariate analyses for overall survival (OS) were conducted using the Cox-proportional hazards model. All statistical analyses were performed using R Statistics version 3.3.3 (R Foundation for Statistical Computing, Vienna, Austria). A two-sided P value < 0.05 (< 0.017 in multiple comparisons of the three groups) was considered significant.
Ethical approval
The present study was approved by the institutional review board of Shizuoka Cancer Center (approval no. 28-J171-28-1-3).
Results
Patient characteristics
The CONSORT diagram of this study is shown in Fig. 1 . Between January 2002 and December 2012, 1282 patients underwent surgery for cStage II/III primary gastric cancer. Among these patients, 696 (54%) were included in this study.
The characteristics of the patients and clinical data are presented in Table 1 . There were 467 male and 229 female patients, and the median patient age was 67 years. The The body mass index and albumin level were lower in the short wait group than in the other groups. Furthermore, the hemoglobin level was lower, and comorbidity was less frequent in the short wait group than in the long wait group. The frequency of macroscopic type 4 tumors was higher in the short and intermediate wait group than in the long wait group. A shorter wait time tended to be associated with a more advanced cStage. There were no differences in age, sex, histological tumor type, preoperative tumor location, and gastrectomy type among the groups. With regard to postoperative histopathological factors, residual tumor and advanced pStage were more common in the short wait group than in the long wait group ( Table 1) . The reasons for pStage IV disease were as follows: peritoneal metastasis (88 patients: 48%), positive peritoneal cytology (91 patients: 49%), liver metastasis (3 patients: 2%), extraregional lymph node metastasis (3 patients: 2%), and unknown (1 patient: 0%). The primary reason for R2 resection was peritoneal metastasis (67 patients: 74%).
Overall survival of the patients in the wait groups
OS curves are presented in Fig. 3 . Survival was worse in the short wait group than in the long wait group (Fig. 3a) . OS curves stratified by cStage were compared among the groups. For cStage II, survival was worse in the intermediate wait group than in the long wait group (Fig. 3b) . However, for cStage III, there were no significant differences in survival among the groups (Fig. 3c) .
OS curves stratified by pStage II-IV are presented in Fig. 4 . The survival for each pStage was not different among the wait groups. Table 2 shows the results of the univariate and multivariate analyses for OS. The multivariate analysis identified age > 70 years, BMI > 22 kg/m 2 , comorbidities, preoperative albumin level > 4.0 g/dL, undifferentiated histological type, preoperative macroscopic type 4 tumor, and advanced cStage as independent prognostic factors. There were significant differences in survival among the wait groups. However, preoperative wait time was not identified as an independent prognostic factor. Table S1 shows the results of the multivariate analysis for OS after the introduction of S-1 adjuvant chemotherapy (since November 2007). The preoperative wait time was not identified as an independent prognostic factor in these patients.
Univariate and multivariate analyses for OS
Discussion
The present study found that preoperative wait time up to 90 days did not affect the survival of patients with cStage II/III gastric cancer. In this study, patient characteristics differed according to preoperative wait time. Specifically, a shorter wait time tended to be associated with a more advanced cStage. In addition, the body mass index and albumin level were lower in the short wait group than in the other groups. Previous studies showed that an advanced cStage and low body mass index were associated with poor survival in gastric cancer [12, 15] . Thus, patients with a short wait time had many poor prognostic factors. Indeed, survival was significantly worse in the short wait group than in the long wait group, and this has been called the "waiting time paradox" [16] . Several previous studies showed that patients with a short preoperative wait time had advanced cancer stage, high tumor marker levels, less frequent R0 resection, and low body mass index, which were negative prognostic factors, resulting in poor survival [3, [16] [17] [18] . This might be because surgeons tend to prioritize treatment for patients with a poor prognosis. In this study, patients with a short wait time needed early surgery owing to symptoms associated with the tumor, such as bleeding and gastric outlet obstruction. Therefore, when comparing survival according to preoperative wait time, it is necessary to adjust patient background.
In multivariate analysis, preoperative wait time was not an independent prognostic factor for survival. Our result is consistent with the finding in the study by Yun et al. [6] . This previous study was a large-scale cohort study that analyzed 66,825 patients who underwent surgery as the first definite treatment; however, they did not adjust for cancer stage [6] . The authors reported that a preoperative wait time of more than 31 days was not associated with poor survival in patients with gastric cancer [6] .
The association between pretreatment wait time and survival is not identical among cancer types. The preoperative wait time has been demonstrated to have no impact on survival in many cancers, such as lung, pancreas, prostate, bladder, and cervical cancers [6, [19] [20] [21] [22] . Diaconescu et al. reported that the preoperative wait time was not associated with survival in patients with localized lung cancer [19] . Although a short preoperative wait time was found to be associated with poor survival in patients with advanced lung cancer, the authors hypothesized that this finding was because of the preferential treatment of patients presenting with a high symptom burden [19] . Yun et al. reported that a preoperative wait time of more than 31 days was not associated with survival among 2309 patients with pancreatic cancer who underwent surgery as the first definitive treatment [6] . Additionally, Korets et al. reported that a preoperative wait time of more than 60 days was not associated with adverse pathological outcomes and biochemical recurrence-free survival among 1568 patients with prostate cancer who underwent radical prostatectomy [20] . Moreover, Gulliforld et al. reported that a preoperative wait time categorized into four intervals (< 27, 27-47, 48-83, and ≥ 84 days) was not associated with survival among 430 patients with bladder cancer [21] . Furthermore, Umezu et al. reported that a preoperative wait time of more than 50 days was not associated with recurrence-free survival and OS among 117 patients with stage IA-IIA cervical cancer who underwent surgical resection [22] . However, the impact of preoperative wait time on survival is controversial in patients with colorectal cancer. Yun et al. reported that a preoperative wait time of more than 31 days was associated with poor survival [6] . Additionally, Shin et al. reported that survival was worse among patients with a preoperative wait time of more than 84 days than among those with a preoperative wait time of between 7 and 29 days [7] . However, in this report, the sample size was not sufficient to obtain a definitive conclusion. Conversely, Roland et al. found no association between pretreatment wait time and survival [23] . cancer whose tumor invasion was pathological T2 or more, 154 patients (31%) had pStage IV disease [24] . To avoid R2 resection, we performed staging laparoscopy, which was reported to have identified peritoneal metastasis in 34-47% of locally advanced gastric cancers since July 2008 [8, 9] . In this study, peritoneal metastasis or positive peritoneal cytology were detected in 5 of 33 (15%) patients by staging laparoscopy. It was unavoidable to include pStage IV patients in this study because we wanted to evaluate the impact of preoperative wait time on survival in patients with cStage II/III gastric cancers. We believe that the true impact of preoperative wait time on survival would have been overlooked if these patients had been excluded from this study.
The results of this study do not imply that treatment should be delayed without reason. A prolonged pretreatment wait time has been shown to cause psychological distress [25] and deteriorated quality of life and satisfaction [26] , and it is associated with frequent psychiatric hospital care after treatment in patients with preexisting mental disorders [27] . If a prolonged preoperative wait time is needed for the assessment and control of comorbidities, surgeons should pay close attention and should start treatment as early as possible.
The present study has some limitations. First, our cohort did not include patients who underwent neoadjuvant chemotherapy (NAC). NAC is not a standard approach for the treatment of locally advanced gastric cancer in Japan and is now being investigated in clinical trials. If NAC becomes a standard treatment in the future, the impact of preoperative wait time on survival should be investigated in patients receiving NAC. Second, patients with a preoperative wait time of more than 90 days were excluded from the study. However, in our hospital, the number of patients with a long wait time of more than 90 days was low (3%), and most of the patients had special reasons for delay, such as severe comorbidities requiring operation and complicated familial reasons. Therefore, the upper limit of 90 days for preoperative wait time appears reasonable. 
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